The increasing deployment of Workflow Management Systems (WfMSs) and other co-ordination and process support systems on the one hand and the proliferation of cheap networking, namely the Internet, on the other hand raises the issue of how to connect these systems across organisational boundaries. Current WfMSs do not provide suitable means for cross-organisational connections. The workshop "Cross-Organizational Workflow Management and Co-ordination" at the International Joint Conference on Work Activities Coordination and Collaboration, San Francisco, February 22 -25, 1999 provided a forum to discuss workflow management and co-ordination in situations in which processes span multiple independent organisations. The workshop helped the ca. 30 participants understand the key problems and clarified ways in which existing products and prototypes as well as current projects contribute to enable cross-organisational workflow execution.
Introduction
Advances in networking technologies, fast-changing markets, increased pressure to specialise, and the demands of increasingly sophisticated consumers to purchase new services are creating a need for cost-effective ways to find, purchase and manage services performed by other organisations on the consumer's behalf. This is putting organisations under pressure to set up and manage business links with other organisations in a rapid, dynamic and flexible manner, and to outsource more of their business processes. Value chain integration implemented by business processes across boundaries of individual organisations is therefore becoming increasingly important.
Workflow Management Systems (WfMSs) provide organisations with the means to initiate, control and monitor business processes, thereby reducing their operational management costs. A way of allowing business processes to cross organisational boundaries is to link the WfMSs of the respective organisations. Current
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WfMSs, however, mainly support business processes as within the boundaries of one organisation.
In addition to the functionality of current WfMSs, organisations require means to manage the crossing of boundaries among different organisations. In general, there are two different kinds of issues to be solved for providing infrastructure for cross-organisational workflow management:
. How to provide means for the integration o f processes of different organisations while maintaining each organisations privacy. This is an issue on several levels:
Technical level: Deal with the encoding of data and function calls, communication and basic synchronisation, e.g. using RPC and XDR, or SMTP and MIME.
Interaction level: Define the communication primitives and their semantics, e.g. starLprocess, process_completed and abortprocess, as in the Workflow Management Coalition's standards, or send_event; if an event-based architecture is chosen.
Domain level: Define the (common) meaning of particular processes, variables and operations or events, e.g. an insurance claim initiated by an insurance client. If the client aborts that process, this means that the client withdraws his or her claim.
Co-operating parties have to agree on each of these issues. Whereas the technical level and (arguably) the interaction •level " can be pre-agreed on and implemented by WfMS and co-ordination system vendors (technical standards as the examples show), the domain level has to be agreed on among the co-operating parties independent of the technology used.
In addition, all this integration infrastructure must have a means to manage such decisions as which other organisation a company wants to co-operate with on a case by case basis, i.e. which kind of access to a company's WfMS is given to which business partner. This leads to the second major issue:
. How to manage the dynamics of the relationship between several organisations.
An organisation has to find• suitable parmers for its processes, the integration process has to be managed, access to each participating system has to be granted for the time of the collaboration and all this infrastructure has to be withdrawn when the collaboration is finished. The second issue is orthogonal to the first one.
Both issues have been addressed in the course of the workshop.
Workshop Topics
The day was organised in four sessions: three position paper sessions and a concluding discussion. Nine papers were selected by a programme committee out of 25 submissions. The presentations addressed various issues as illustrated in the introduction.
The workshop was introduced by describing the basic issues and approaches of the CrossFlow project (Heiko Ludwig and Yigal Hoffner, IBM Zurich Research Laboratory, Switzerland, [111), which alms at providing an end-to-end solution for the connection of WfMSenacted processes of different organisations. The approach of the project is to connect a process of a service consumer to a process of a service provider that implements a sub-process of the consumer's process on the basis of a service contract. The service contract specifies the work to be done as well as the way in which the consumer can monitor and influence the ongoing process in the provider's WfMS.
The first paper session started with the presentation of the project BSCW-Flow (Thomas Kreifelts, Elke Hinrichs and Gerd Woetzel, GMD-FIT, Germany, [2] ), that aims at extinding the widely used Web-based collaboration system BSCW by workflow capabilities. The approach of BSCW-Flow is to build on the Web-based, lightweight infrastructure of BSCW shared workspaces as user interface to a worklist and to add a workflow engine to the BCSW server. As participants of a process only need a Web-browser to retrieve and manipulate their work items, integration of external service providers is easier than using traditional proprietary clients and client-server protocols.
The next paper, presented by Wijnand Derks, discussed requirements on cross-organisational workflow management from the point of view of a logistics company (Willem Jonker, Wim Nijenhuis, Zef Damen and Martin Verwijmeren, KPN Research, The Netherlands, [3] ). The key requirements in the area of logistics w as seen by companies acting as either service consumer or provider --are the following: Service consumers should be provided with (tailored) means to monitor and control a logistics process performed on their Number in brackets is the paper number as it can be found in the Proceedings on the Web.
behalf. The monitoring and control operations should be based on a common (abstract) model of the process.
The second session focused more on the aspect of how to set up connections across organisational boundaries and how to choose the apropriate "partner":
Gail Kaiser (Columbia University, New York, USA, [4] ) presented the TreatyMaker approach to connect processes of different organisations based on the "Alliance" metaphor. This metaphor expresses that a number of independent providers of services form an "alliance" and define their relationship formally in an n-ary "treaty". Once the treaty has been made, interactions between two parties, called "summits", can be conducted according to this treaty. This metaphor has been used in the software process support tools OZ and TreatyMaker.
Decision making for service usage based on cost estimation is the subject of the second paper in this session (Gio Wiederhold and Dorothea Beringer, Stanford University, USA, [5] ). The objective of this approach is to enable a service consumer to monitor a service that is performed on its behalf, to extract interim results, and to obtain an estimate of the remaining runtime in order to make decisions regarding switching to different services, pondering remaining runtime and costs. The CPAM protocol defines how a conversation between service consumer and service can take place. In the third paper session the workshop discussed three approaches to use an event-based solution to integrate processes:
Euthimios Panagos (AT&T Labs -Research, USA, and Johann Eder, University of Klagenfurth, Austria, [7] ) presented approaches to two important issues in distributed workflow management: an event architecture that decouples different WtfMSs and dealing with time constraints. Events appear to be a powerful means to model the dependencies between distributed processes.
An event notification service is the basis of such an integration architecture. Events can describe state changes or operations that trigger further steps in another WfMS and can be logged for auditing purposes.
Fabio Casati (Politecnico di Milano; Italy, [8]) presented an approach for modelling the interaction between two workflows of different organisations using events. It is assumed that the participating organisations are autonomous peers and that their technology is heterogeneous and distributed. To cope with the variety of types of dependencies among various processes it is more suitable to use a more general modelling approach such as events rather than, for example, modelling process/subprocess relationships.
Jianwen Su (University of California at Santa Barbara, and Richard Hull, Bell Labs, USA, [9]) proposed an approach to model the decision concerning the coice of subsequent workflow (or its parameters)based on the result of the preceding one. For example, a Web-based sales process of an online store can lead to different delivery processes depending on customer properties such as his credit history. The approach uses Condition-Action rules to model these relationships.
Conclusions
As a general observation we can state that the focus of the current work as presented in the workshop is on the issue of integrating processes (issue 1 in the introduction) and not yet on managing the lifecycle of the interaction between processes in different organisations (issue 2 in the introduction). This seems natural as the problem of integrating processes of different organisafions has to be understood and solved first before we can attempt to support, and partially automate, the setting up and maintenance of a link to deal with many different crossorganisational connections.
Whereas most projects reuse existing communication mechanisms (the technical level), there are two approaches on the interaction level and the domain level:
. Either a rather general mechanism is chosen on the interaction level, e.g. a standard event notification architecture as defined by the Object Management Group. The interaction between concrete processes of different organisations (domain level) is then described using this general means on a case-by-case basis, e.g. by using Event-Condition-Action rules.
. Alternatively the interaction between processes is based on "primitives" with workflow-related semantics, such as "aborLprocess", "starLprocess" etc., which provides a more high-level way to specify the interaction but is more limiting in what can be expressed.
Most current projects [7, 8, 9] appear to be following the first approach, as the workshop contributions show, because implementations of the base technology are already available (event notification and messaging systems). Standards bodies in the workflow area (WfMC, SWAP, OMG), on the other hand, try to standardise workflow-related operations according to the second approach.
The necessary step to go beyond the integration of heterogeneous, distributed WfMSs to cross-organisational workflow management is the (formal)representation of the terms according to which processes are to be integrated on the different levels in a central document, the "contract" [1] , "agreement" [6] or "treaty" [4] . The contract provides the handle for managing the dynamics of relationships between processes: The search for partners for a contract, the negotiation of terms, the establishment of the integration infrastructure according to the contract, and the dismissal of that infrastructure when the contract has been fulfilled. 
Why Testbed?
Changes in business processes are the order of the day. New options are constantly appearing in the market-place, in the form of new products, more efficient processes and alternative distribution channels made possible by information technology. In addition, the demands of critical customers, intensified competition and changes in legislation necessitate constant changes in business operations. In other words, flexibility is vital. Hence the question is not whether companies should modify their products and processes, but how they can do so in a responsible way. The Testbed Consortium is developing an engineering approach for this purpose, which you can use to analyse and prepare changes in business processes and IT support systems before you proceed to actual implementation. This will provide you w i t h early information about the implications of changes, from both a business perspective (customers, completion times) and an operational perspective (costs, distribution of work, automation). The main users of Testbed are business consultants.
